The use of amniotic membrane (AM) to modulate wound healing and promote regeneration is increasing, but to date there has been no comprehensive study directly comparing the structural and biological properties of fresh and cryopreserved AM. Thus, in this study we compared fresh AM and fresh amniochorion to cryopreserved tissues. Histochemical staining confirmed that the cryopreservation process did not dramatically alter the tissue architecture nor collagen and glycosaminoglycan density. Biochemically, cryopreservation reduced total protein and human serum albumin contents, but retained high molecular weight hyaluronic acid species including the heavy chain-hyaluronic acid complex that is known to exert anti-inflammatory and anti-scarring effects. Cryopreserved and fresh AM extracts similarly suppressed viability and proliferation of RAW264.7 macrophages, and inhibited the transforming growth factor beta 1 promoter activity in corneal fibroblasts. These results collectively indicate that cryopreservation effectively preserves histological, biochemical, and functional properties of the AM tissue.
INTRODUCTION
Amniotic membrane (AM) shares the same cell origin as the fetus and comprises the inner most layer of the placenta that enwraps and protects the fetus during development from unwanted maternal immunological insults. 1 As a result, the tissue inherently contains a number of biological modulators to combat inflammation. 2 Although the first reported clinical application of AM was for skin transplantation in 1910, 3 it was not until the late 20th century when clinical use of AM in ocular surface indications soared and its use in open wounds, 4 5 skin burns 6 7 and leg ulcers grew in popularity. 8 9 To date, more than 1000 peer reviewed papers have been published (Pubmed keyword search for "amniotic membrane transplantation") examining the therapeutic potential of AM in a variety of clinical indications, particularly in ophthalmology. 1 2 10-12 These studies have demonstrated the ability of AM to promote * Author to whom correspondence should be addressed. adult wound healing towards regeneration with minimal inflammation and scarring, similar to fetal tissues. 13 14 In ophthalmology, cryopreserved AM has been used as a permanent graft to fill in tissue defects and to allow the integration of host cells, or as a temporary biological bandage to facilitate wound healing by suppressing excessive surgical or disease-induced host tissue inflammation. 2 Additionally, the clinical success of AM as a potent anti-inflammatory and anti-scarring agent has prompted numerous investigations into its use for various orthopedic applications to decrease local inflammation and adhesion formation following tendon 15 16 and nerve repair. [17] [18] [19] As with many allografts, the use of fresh tissue is often impractical and can pose a serious risk of disease transmission, 20 21 therefore processing methods must be used. In this case, effective tissue preservation and storage are essential for maintaining the therapeutic actions of the fresh material and are critical to the successful commercialization of AM tissues for clinical use. While multiple AM preservation methods exist (including dehydration, lyophilization, chemical cross-linking, and cryopreservation), these processing methods all have variable effects on preserving the native form of AM tissue, and can dramatically alter the type of host response elicited to the material when utilized as templates for tissue regeneration. 22 Ideally, tissue processing methods should preserve both the structural integrity and biomechanical stability of the tissue, as well as the activity of critical cell signaling factors (i.e., cytokines, growth factors and proteoglycans) contained within the matrix that are essential for its intended clinical use.
The primary objective of this study was to examine the effect cryopreservation has on both AM matrix structural integrity and the retention of key signaling factors and biological activities necessary for the therapeutic efficacy of the tissue. The structural components of cryopreserved and fresh AM tissues were analyzed using histology and histochemistry while their protein composition were elucidated by Western blot and ELISA. Additionally, macrophage and fibroblast functional assays were utilized to examine the effect of cryopreservation on the anti-inflammatory activity of AM tissues by comparing cryopreserved and fresh AM tissue extracts.
MATERIALS AND METHODS

Materials
Guanidine hydrochloride, anhydrous alcohol, bovine serum albumin (BSA), Hoechst 33342, sodium chloride, sodium hydroxide, Tris base, and Triton X-100, were obtained from Sigma-Aldrich (St. Louis, MO). Streptomyces hyalurolyticus hyaluronidase (HAase) and biotinylated Hyaluronic Acid Binding Protein (HABP) were from Seikagaku Biobusiness Corporation (Tokyo, Japan 
Tissue Preparation
Cryopreserved human AM tissue processed by the CryoTek ™ (CT) method was kindly provided by TissueTech ™ (Miami, FL). Donated full term human placenta after cesarean section delivery was recovered in compliance with American Association of Tissue Banks (AATB) Standards and immediately stored at − 80 C for up to 1 year. Prior to processing, the frozen placenta was thawed at room temperature for 8 h in a Good Manufacturing Practice (GMP) facility before being placed at 8 C for an additional 16 h. Under aseptic conditions, the placenta was first cleaned of blood clots with PBS prior to separation of AM by blunt dissection. The AM was gently rinsed in PBS until all blood coloration was removed before being affixed on a filter membrane and cut to 3 × 6 cm. The AM tissue was finally packaged in a pouch containing 1:1 Dulbecco Modified Eagle Medium (DMEM) and glycerol before storage at − 80 C for up to 2 years or until required. Fresh full-term human placenta was procured within 6 hour of delivery from a healthy mother, with donor consent after elective caesarean delivery in Baptist Hospital (Miami, FL) via an approved protocol (Protocol 03-028) by the Baptist Health South Florida Institutional Review. The fresh placenta was immediately processed by removing blood clots with PBS prior to separation of AM with blunt dissection. The fresh AM was then affixed on a filter membrane and cut to 3 × 6 cm. The fresh AM tissue was kept in a sterile dish containing PBS at 4 C and used within 24 h of processing. Six different types of tissues were prepared: fresh AM (F-Thin, FThick), cryopreserved AM (CT-Thin, CT-Thick), and fresh and cryopreserved amniochorion (F-AMC and CT-AMC, respectively). The blunt dissection step to separate chorion was omitted to prepare AMC tissue. (1:500) in PBS for 1 min before the sections were rinsed three times with PBS for 5 min each. Images were photographed by laser confocal microscopy (LSM700 on Axio Observer.Z1, Zeiss).
Tissue Extract Preparation
The preparation of AM extract (AME) from AM tissue was carried out aseptically as previously reported. 25 AM tissue with a size of approximately 6 × 6 cm was rinsed with PBS and placed in a BioPulverizer before being snapfrozen in liquid nitrogen and pulverized for 10 cycles. Each pulverization cycle comprised of hammering the pestle into the mortar containing the frozen tissue 3 times. Pulverized tissue fragments were resuspended in PBS at a 1:3 (W/V) ratio before homogenization with Wheaton Dounce for another 10 cycles. Each homogenization cycle comprised of injecting the pestle into the end of the mortar containing liquefied tissue fragments. To assess the retention of key biochemical molecules, homogenized tissues were extracted by 4M guanidine hydrochloride at a 1:6 (W/V) ratio for 16 h at 4 C with a reagent rotator (MultiMix, VWR) before centrifugation at 48,000× g for 30 min at 4 C (Avanti J-20I, Beckman Coulter). The supernatant was then dialyzed against PBS for 30 h with Slide-ALyzer (3.5 K MWCO) to obtain water-soluble extracts from each tissue. Protein content was quantified using a standard BCA assay while quantification of human serum albumin and HA was performed by ELISA and HABPcoated microwell kit, respectively.
Determination of HA Sizes by
Agarose Gel Electrophoresis The molecular weight of HA in AME was analyzed by agarose gel electrophoresis as previously reported. 26 AME was loaded at the same equivalent (15 g) of HA per lane with or without 9 units of HAase pre-treatment at 37 C for 1 h, then separated on a 0.5% agarose gel at 20 V for the first 30 min and 40 V for 4 h thereafter. The gel was subsequently stained with 0.005% Stains-all dye in 50% ethanol overnight at 25 C in the dark before de-staining in water and exposing to ambient light for 6 h. The molecular weight range of HA samples, which appear as a bluish smear on the agarose gel, were estimated by comparison to the Select-HA HiLadder and HMW HA (Healon ® ). 
Western Blot
Macrophage Viability and Proliferation Assay
Due to the inability to image the thick tissues, only the thin tissue was used for the functional analysis. F-Thin and CT-Thin AM tissue with a size of approximately 2 5× 2 5 cm were fastened on 15 mm culture inserts with the stromal tissue side facing up as previously described. 27 For the macrophage viability assay, RAW264.7 cells were seeded at a density of 113 cells/mm 2 in DMEM/10% FBS and cultured for 48 h. After two rinses with PBS, a LIVE/DEAD assay was used to determine cell viability under a fluorescent microscope (TE-2000U, Nikon). For the macrophage proliferation assay, RAW264.7 cells were seeded at a density of 95 cells/mm 2 on plastic 96-well plate in DMEM/10% FBS and treated simultaneously with 100 g/ml AME derived from either F-Thin or CT-Thin, as well as a PBS vehicle control (CTL). After 48 hours, the RAW264.7 cells were labeled with 10 M BrdU for 1 h. Subsequently, the RAW264.7 cells were fixed with FixDenat (provided in BrdU ELISA kit) at 25 C for 30 min, followed by incubation with anti-BrdU-peroxidase conjugated at 25 C for 2 h. The color was developed for 30 min by adding the substrate TMB (tetramethyl-benzidine) and 
Transforming Growth Factor Beta 1 (TGF-1) Promoter Assay
Expression of the TGF-1 gene was measured by a promoter assay in human corneal fibroblasts cultured to 80% confluence in DMEM/10% FBS as previously reported. 28 After washing the cultures twice with the medium listed above, the cells were treated with adeno-TGF-1 promoter luciferase (multiplicity of infection = 37 5) and adeno-CMV--galactosidase (multiplicity of infection = 30), and incubated at 37 C for 4 h before being harvested and reseeded at 95 cells/mm 2 on plastic 96-well plates. After 2 h, AME at a series of protein concentration ranging from 0.008-125 g/ml obtained from F-Thin or CT-Thin as well as a PBS vehicle control (CTL) were added to the culture medium and cells were incubated for an additional 42 h, for a combined total of 48 h transfection. The culture medium was then removed and cells were rinsed twice with PBS. After addition of 100 l lysis buffer (25 mM Tris phosphate, pH 7.8, 2 mM dithiothreitol, 2 mM 1,2-diaminocyclohexane-N ,N ,N ,N -tetraacetic acid 10% glycerol, 1% Triton X-100), cells were scraped and transferred to a microcentrifuge tube placed on ice. Cell lysates were collected by vortexing for 10-15 sec and centrifugation at 12,000×g for 15 sec at 25 C. The supernatant was assayed for both luciferase and -galactosidase activities. The relative luciferase activity was calculated by dividing the luciferase activity by the -galactosidase activity for each of the individual cell lysate samples.
Statistical Analysis
Unless otherwise indicated, data are represented as mean± standard error with a sample size of three or more for each condition. A Student's t-test was performed to test for statistical significance in protein and albumin data with Microsoft Office Excel 2007. An Analysis of Variance (ANOVA) coupled with Tukey's post hoc analysis was performed to test statistical significance for HA quantification, macrophage cell proliferation, and TGF-1 promoter activation assay with SPSS Statistics 20 (IBM). p < 0 05 was considered statistically significant.
RESULTS
Histological Analyses
AM tissue morphology and extracellular matrix (ECM) components were examined by histochemical staining of tissue sections. The thin, thick, and AMC tissue thickness for both fresh and cryopreserved samples ranged from 75-150 m, 500-900 m and 250-500 m, respectively. H&E staining revealed that the structural morphology of CT-Thin ( Fig. 1(B) ) closely resembled that of F-Thin (Fig. 1(A) ).
Both tissues exhibited a thin basement membrane sandwiched between a simple epithelium and an avascular stroma that contained a cell-laden compact layer and a spongy layer. The chorion layer, consisting of an outer trophoblast layer and an inner somatic mesenchymal tissue, remained intact subjacent to the AM after cryopreservation in CT-AMC (Fig. 1(F) ) and F-AMC ( Fig. 1(E) ). No apparent changes were noted in the density of ECM-collagen and sulfated proteoglycan after cryopreservation in any AM tissue when compared using Masson's Trichrome (Figs. 1(G)-(L) ) and Safranin O staining (Figs. 1(M)-(R) ). Collectively, these findings support the notion that cryopreservation did not cause notable changes in the histological properties of thin AM, thick AM, or AMC tissues as evidenced by the preservation of non-fibrillar collagen, proteoglycans, and glycoproteins.
Protein and Human Serum Albumin Analyses
The effects of cryopreservation on AM total protein and human serum albumin content were explored by BCA Protein Assay and Albumin ELISA, respectively. The total protein content of F-Thin and F-Thick tissues following extraction by 4M guanidine hydrochloride was significantly higher than that of CT-Thin and CT-Thick tissues (Table I , p = 4.3E-05 and p = 3.2E-05, respectively), but was not different between F-AMC and CT-AMC (p = 0 42). A similar, although not statistically significant trend was seen in serum albumin content where F-Thin and FThick albumin content appeared greater than in CT-Thin (p = 0 10) and CT-Thick (p = 0 12), and F-AMC and CT-AMC were similar (p = 0 68).
Biochemical Analyses of HA and HC-HA
Histochemistry with HABP was performed to determine whether cryopreservation affected the HA density of AM. HA staining was strongly positive in the AM stroma but weak in the amniotic epithelium for all fresh and cryopreserved AM (Figs. 2(A)-(F) ). Additionally, HA was detected in the subjacent chorion of F-AMC (Figs. 2(E) ) with a weaker staining for CT-AMC (Fig. 2(F) ). Enzymatic treatment of histologic sections with Streptomyces hyalurolyticus HAase confirmed the specificity of HA staining (Figs. 2(G)-(L) ).
To directly quantify the differences in ECM HA content, AMEs were prepared and analyzed using an HABP assay. Although all cryopreserved samples appeared to show an increased HA/total protein ratio compared to their fresh counterparts (Fig. 3) , the results only reached significance in the CT-Thin and CT-Thick samples (p = 0 011 and p = 1 4E-12, respectively). CT-Thin also had a significantly larger HA/total protein ratio than CT-AMC (p = 0 0011), likely due to the chorion contributing to an increase in total protein while appearing to have comparatively little HA histochemistry (Fig. 2(F) ).
The molecular weight (MW) of HA has been tied to different biological outcomes in vivo. 29 the size distribution of HA in AM extracts, we used agarose gel electrophoresis followed by Stains-all dye as previously described. 26 HA appeared as a bluish stain in all AMEs and the staining was shown to be specific for HA by the disappearance of the HMW HA fraction with HAase digestion (Fig. 4 , HAase (+), Lanes 2, 5 and 6). Cryopreservation appeared to maintain the HA integrity, as no difference in molecular size distribution was observed between fresh and cryopreserved samples. HA from Thick AM samples (Fig. 4 , HAase(−), Lanes 5 and 6) exhibited the same HMW distribution as the Healon ® control (Fig. 4 , HAase(−), Lane 2) in the range of 1000 to 6000 kDa, indicating that thick tissue preferentially contained HMW HA compared to Thin and AMC tissues. Unlike Healon ® , a HMW band was detected in the loading well from CT-Thin and CT-Thick and their fresh counterparts (Fig. 4 , HAase(−), Lane 3-6) which was abolished following HAase digestion (Fig. 4 , HAase(+), Lane 3-6), suggesting the presence of a HMW HA species in AMEs that was larger than that of Healon ® . In contrast, no HMW band from cryopreserved and fresh AMC remained in the loading wells.
The abundance of HMW HA in AMEs was consistent with the constitutive production of heavy chain-hyaluronic acid (HC-HA) complex observed in AM tissue 30 where the heavy chains (HC) of the inter--inhibitor (I I) protein were transferred and covalently linked to HA forming a very HMW complex. To determine if the heavy chains (HCs) of I I are associated with the HA in AMEs, samples were subjected to HAase to digest HA into small 3 . Relative HA content. AMEs quantified for HA using an HA Testing Kit and for proteins using BCA assay. The HA to total protein ratio was significantly higher for cryopreserved samples compared to their fresh counterparts for both the Thin and Thick tissues (p = 0 011 and p = 1 4E-12, respectively); n = 3.
fragments before Western blot analysis with an anti-HC1 antibody. As expected, I I purified from human plasma yielded a major band at ∼ 250 kDa (Fig. 5 , Lane 2) and treatment of I I with 50 mM NaOH cleaved the ester bonds linking the HCs to I I to yield 75 kDa HC1 fragments (Fig. 5, Lane 3) . [31] [32] [33] [34] [35] The HMW band on the top of the gel of all tissues except those containing chorion (F-AMC and CT-AMC) was partially cleaved following HAase digestion to yield an increase in the intensity of the 75 kDa HC1 fragment (Fig. 5, Lanes 4-11) indicating that the HC-HA complex is present in AM tissues. Both CTThin and CT-Thick samples appeared to retain the HC-HA complex following the cryopreservation process. The HMW HA species retained in the loading well is labeled I and other HMW HA (1000-6000 kDa) and LMW species (< 1000 kDa) are labeled II and III, respectively. The Thin and Thick tissues for both fresh and cryopreserved samples revealed HMW HA retained in the loading well but, only the Thick tissue for both fresh and cryopreserved contained HMW HA within the gel.
Biological Analyses
AM's anti-inflammatory activity can be demonstrated by the suppression of viability and proliferation of macrophages by both AM tissue 36 and AME. 25 To further explore the effect of cryopreservation on cell viability, RAW264.7 macrophages were seeded at the same density directly on the stromal surface of both CT-Thin and F-Thin tissues. A high proportion of resting macrophages on plastic culture dishes had an oval morphology evenly distributed with some scattered spindle cells. When seeded on cryopreserved AM tissue, the cells aggregated and became rounded (Figs. 6I, (B) ) more than the fresh tissue samples at 48 h (Figs. 6(I), (A) ). The majority of cells on both fresh and cryopreserved AM tissue were viable and the presence and distribution of dead cells across the surface was similar displaying shrunken and condensed morphology in both cryopreserved and fresh AM tissues (Figs. 6(I) , (C) and (D)).
Cell proliferation was measured by BrdU labeling following RAW264.7 treatment with 100 g/ml of either fresh or cryopreserved AME (Fig. 6(II) ). Compared to cells in the PBS vehicle control (CTL), cells treated with both fresh and cryopreserved AME samples significantly inhibited RAW264.7 macrophage proliferation (p = 8 6E-5 and p = 1 8E-5, respectively). There was no significant difference in cell proliferation between the fresh and cryopreserved AM samples (p = 0 22).
The role of TGF-1 signaling in fibroblast-mediated scar formation has been well documented. 37 In animal wound models, inhibiting TGF-signaling in local fibroblasts decreases the extent of scar formation while adding exogenous TGF-enhances fibrosis and scar formation at the wound site. 37 We have previously demonstrated the down-regulation of TGF-1 signaling in human corneal fibroblasts by both cryopreserved AM tissue 38 and HC-HA complex purified from cryopreserved AME. 35 However, a comparison of the ability of fresh and cryopreserved AME to modify TGF-signaling has not previously been done. To better understand the effect of cryopreservation on modulating amnion-mediated TGF-signaling, we measured the TGF-1 promoter activity in cultured human corneal fibroblasts treated with PBS vehicle control (CTL) Fig. 7 . Inhibition of TGF-1 promoter activation by fresh and cryopreserved AME. A series of protein concentration (0.008-125 g/ml) from F-Thin and CT-Thin were used to analyze TGF-1 promoter activation. Cell lysates were assayed for both luciferase and -galactosidase measurement, and data is expressed as relative luciferase/ -galactosidase units. n = 3 for all experiments. There was a significant inhibition of TGF-1 at the two highest doses analyzed in comparison to the PBS vehicle control (CTL), and there was no significant difference between fresh and cryopreserved samples. * = p < 0 05 compared to CTL, § = p < 0 05 compared to CTL. and either fresh or cryopreserved AME in a series of protein concentration ranging from 0.008-125 g/ml. Both fresh and cryopreserved AME (Fig. 7) exhibited a significant inhibition of the TGF-1 promoter activity at the two highest doses, 25 g/ml (p = 0 011 and p = 0 088 for fresh and cryopreserved, respectively) and 125 g/ml (p = 0 0028 and p = 0 020 for fresh and cryopreserved, respectively). However, no difference in TGF-1 suppression was observed between fresh and cryopreserved AME treatment at either 25 or 125 g/ml (p = 1 0 and p = 1 0 respectively), indicating the cryopreservation process did not alter the ability of AM tissue to decrease TGF-1 activity.
DISCUSSION
The use of fresh AM tissue for clinical applications is both impractical and poses a serious risk of disease transmission. 20 21 Tissue preservation and storage are essential for maintaining the biological therapeutic actions of the fresh material and are critical to the successful commercialization of AM tissues for clinical use. While multiple AM preservation methods exist (including dehydration, lyophilization, chemical cross-linking, and cryopreservation), these processing methods all have variable effects on preserving the native form of AM tissue and can dramatically alter the type of host response elicited to the material when utilized as templates for tissue regeneration. 22 Cryopreservation allows for the quarantine of donor tissue, enabling additional precautions to prevent the risk of introducing and transmitting communicable diseases the AM may harbor. 20 21 39 The present comparative study demonstrates that cryopreserved AM maintained the native tissue integrity of fresh AM as well as preserved native biological components crucial for the therapeutic efficacy of the tissue. Together, these findings demonstrate that cryopreservation preserves the histological structure, the extracellular matrix composition and biologic activity of native AM.
Cryopreserved AM tissue was similar in morphology, collagen, and glycoaminoglycan density and distribution in comparison to the fresh AM tissue (Fig. 1) . These findings agree with those previously reported 40 where cryopreserved AM retained basement membrane components after 2 years of storage at − 80 C. Previous studies have revealed that AM's wound healing potential is mediated by the complex assembly of cytokines, chemokines, and growth factors. 1 41-44 Given this, the retention of these proteins is an essential feature of any preservation method. Cryopreservation did not remove the essential biochemical component HA, which has been implicated in contributing to both the anti-inflammatory and anti-scarring properties of AM. 25 35 Both cryopreserved and fresh tissues contained HA detected by histochemistry and HABP quantification (Figs. 2 and 3) indicating there was retention of this key biological molecule after cryopreservation, which may contribute significantly to the clinical biological action of the tissue. Cryopreservation reduced the total protein and human serum albumin content in both thin and thick AM tissues when compared to their fresh counterparts (Table I) . We speculate that this difference resulted from the gentle rinsing step with PBS and the freezing step employed by the cryopreservation process to remove the residual blood contaminants from procurement. These steps were not employed for fresh tissues. Consequently, we noted a significantly higher HA to total protein ratio for CT-Thin and CTThick samples when compared to their fresh counterparts (Fig. 3) .
Further biochemical analysis established the presence of HMW HA in both fresh and cryopreserved Thick and Thin tissues (Fig. 4) . Unlike low molecular weight (LMW) HA, which has been shown to be pro-inflammatory, HMW HA exerts anti-inflammatory properties 45 and therefore is more relevant to therapeutic applications. Additionally, we have reported that HMW HA in AM existed as a HC-HA complex formed by a covalent bond between HA and HC1 of inter--inhibitor 30 35 (I I) and that this HC-HA complex exerts more potent anti-inflammatory and anti-scarring effects than HMW HA alone. 35 The HC-HA complex was detected by Western Blot in both cryopreserved and fresh AM tissues, indicating that cryopreservation does not disrupt this vital biological component.
The effects of AM on inflammatory-cell viability and proliferation 25 can be replicated in vitro with cryopreserved AM tissue, 36 AME 25 and the HC-HA complex purified from AME. 30 35 These actions, however, have never been compared with fresh AM tissues or extracts. Herein, we confirmed that macrophages seeded on both fresh and cryopreserved AM display viable cell numbers (Fig. 6) . Furthermore, when AME from cryopreserved AM is added at the same protein amount as fresh AM, it is just as effective in suppressing the proliferation of RAW264.7 macrophages (Fig. 7) . Also, a direct antiscarring action by AM seen clinically has been attributed to the suppression of TGF-1 signaling at the transcriptional level of fibroblast cells derived from ocular tissues treated with AM. 38 46-48 Cryopreserved AM suppresses TGF-signaling by downregulating TGF RII 38 and preventing phosphorylation of Smad2/3 and its subsequent binding to Smad4 to form heteromeric Smad complexes that would enter the nucleus to initiate TGFgene transcription. 28 Both CT-Thin and F-Thin AME at 25 g/ml and 125 g/ml protein were able to significantly inhibit TGF-1 promoter activity in human corneal fibroblasts ( Fig. 7) with no significant differences exhibited as a result of the cryopreservation process. Altogether, the similar macrophage morphology and viability, suppression of macrophage proliferation, and reduction of TGF-1 promoter activity by both fresh and processed tissues further indicate that cryopreservation maintains the effectiveness of the bioactive components of AM. Overall, this study found no distinguishable differences between the histological and biochemical features of fresh and cryopreserved AM tissues. Although total protein and albumin contents were reduced after cryopreservation, the levels of both HA and HC-HA complex were maintained in cryopreserved tissues. Consequently, cryopreserved AM extracts were as effective as fresh AM extracts in suppressing RAW264.7 macrophage proliferation and down-regulating TGF-1 signaling in human corneal fibroblasts.
CONCLUSION
Collectively, the data support cryopreserved AM is comparable to fresh AM with regards to structural integrity and retention of key biochemical components essential for the biological functions, indicating that cryopreservation offers a safe and effective means of preserving AM tissue. 
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